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Abstract 
Increasing population in recent decades has made the necessity of quick low cost construction 
unavoidable. Meanwhile the use of prefabricated concrete frame with prefabricated concrete shear walls 
due to better quality of performance and reduction of manufacturing time is a good option for public 
multiple floor buildings. These structures in addition to resistance to seismic loads  have more flexibility 
in methods of construction. There is little information about the exact behavior of prefabricated concrete 
frame with shear walls under earthquake and dynamic loads. Hence much research has been done by 
various researchers on the seismic behavior of these structures in the form of experimental and analytical 
models. Today, the main section of the seismic design of buildings is done based on equivalent static 
force method and calculating earthquake force of design from earthquake linear spectrum by applying a 
reduction coefficient called behavior coefficient of structure that embrace philosophy of design. So the 
necessity of determining behavior coefficient with respect to its importance in seismic design of 
structures seems essential. The behavior coefficient of structure is a coefficient that includes inflexible 
function of structure and indicates strength and hidden ductility of structure in inflexible stage.  
In this study various types of pre-fabricated concrete frames together with pre-fabricated 4 and 8-storey 
shear walls with 1 and 3 bays are studied. The effect of two kinds of uniform and triangular loading on 
behavior factor has also been taken into consideration. Non-linear static analysis method (Push-over) has 
been used in order to determine the behavior factor. 
On the whole, the results have shown that by increasing the bays and building storeys the structural behavior 
coefficient was increased. 
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1. INTRODUCTION
Components built somewhere other than the main site of the building and then are installed in the main 
site called Prefabricated concrete. Main reasons for using prefabricated concrete can be summarized in 
the following (Hass  1983): 
 %HLQJHFRQRPLFDOIRUSHUIRUPDQFHDQGFRVWRIFRQVXPHGPDWHULDOVIRUPZRUNVFDIIROGLQJ
 5HGXFLQJFRQVWUXFWLRQWLPH
 +LJKHUTXDOLW\FRQWURO
%HVLGHVWKHDERYHEHQHILWVRQHVKRXOGDOVRQRWHWKHIROORZLQJSUREOHPV+DUWODQG  
 &RQQHFWLRQV EHWZHHQ HOHPHQWV UHTXLUH FDUHIXO DWWHQWLRQ $ JODQFH DW WKH GDPDJH FDXVHG E\ SDVW
HDUWKTXDNHV LQGLFDWH WKDWDKLJKSHUFHQWDJHRISUHFDVWFRQFUHWHVWUXFWXUHVHYHUPDGHGRHVQ¶WKDYH
sufficient and acceptable resistance toHDUWKTXDNHVVRWKDWWKHPDLQUHDVRQLVLQDSSURSULDWHEHKDYLRU
RIPRPHQWUHVLVWLQJFRQQHFWLRQV
 ,QFUHDVLQJ SUREOHPV RI VWRUDJH WUDQVSRUWDWLon and installation (if the number of prefabricated 
FRPSRQHQWVLVODUJH
,QVHLVPLF]RQHVRQHRIWKHSULQFLSOHVIRUGHVLJQLQJVWUXFWXUHVLVDGHTXDWHODWHUDOVWLIIQHVVRIVWUXFWXUH
IRU FRQWUROOLQJ LQWHUVWRU\ GULIW WR SUHYHQW GDPDJH WR QRQVWUXFWXUDO HOHPHQWV $OVR GXULQJ VOLJKW WR
PRGHUDWH HDUWKTXDNHV VWUXFWXUDO HOHPHQWV VKRXOG UHPDLQ HODVWLF DQG KDYH DGHTXDWH UHVLVWDQFH 'XULQJ
VHYHUH HDUWKTXDNHV DOVR VWUXFWXUH VKRXOG KDYH VXIILFLHQW GXFWLOLW\ WR ZLWKVWDQG ODUJH LQHODVWLF
displacements so that the structure GRHVQ¶WIDLOKDYLQJGXFWLOHEHKDYLRU This tolerance should be such 
WKDW QR IDLOXUH RFFXUV $FFRUGLQJO\ LQ VWUXFWXUHV GHVLJQHG WR UHVLVW ODWHUDO IRUFHV SURYLGLQJ VWLIIQHVV
VWUHQJWKDQGHQHUJ\DEVRUSWLRQFDSDELOLW\DUHFRQVLGHUHGE\GHVLJQHUVVLPXOWDQHRXVO\
,QSUHIDEULFDWHGFRQFUHWHIUDPHZLWKSUHIDEULFDWHGVKHDUZDOOV\VWHPWKHZDOOVDUHFRQQHFWHGWRJHWKHU
E\DVHULHVRIKRUL]RQWDOMRLQWVDQGYHUWLFDOMRLQWVare used where the walls are connected to columns. The 
KRUL]RQWDO MRLQWV DUH WKRVH O\LQJ EHWZHHQ SDQHOV KRUL]RQWDOO\ DQG DFWXDOO\ FRQQHFW WKH XSSHU SDUW RI D
SDQHO WR WKH ORZHU SDUW RI DQRWKHU 9HUWLFDO MRLQWV are also used to connect the walls to the columns 
ODWHUDOO\
1RZDGD\VWKHPRVWLPSRUWDQWSDUWRIVHLVPLFGHVLJQRIVWUXFWXUHVLVFDUULHGRXWEDVHGRQHTXLYDOHQW
VWDWLFPHWKRGDQGFDOFXODWLRQRIVHLVPLFIRUFHVIURPOLQHDUVSHFWUXPRIDQHDUWKTXDNHZLWKDSSOLFDWLRQRI
DVWUXFWXUDOUHGXFWLRQIDFWRUZKLFKFRQWDLQVWKHGHVLJQSKLORVRSK\7KHUHGXFWLRQIDFWRULVDFRHIILFLHQW
WKDWFRQWDLQV LQHODVWLFEHKDYLRXUDQGVKRZVKLGGHQUHVLVWDQFHDQGGXFWLOLW\RIVWUXFWXUHV LQ WKH LQHODVWLF
]RQH:LWKDWWHQWLRQRIEHKDYLRUIDFWRUVLJQLILFDWLRQLQVWUXFWXUDOVHLVPLFGHVLJQVHHPVWKHGHWHUPLQDWLRQ
RIWKLVIDFWRULVQHFHVVDU\
1XPHURXVUHVHDUFKHVKDYHEHHQPDGHE\YDULRXVUHVHDUFKHUVDERXWSUHFDVWFRQFUHWH ZDOOVYLEUDWRU\
EHKDYLRULQWKHEDVLVRIH[SHULPHQWDOWHVWVDQGDQDO\WLFDOPRGHOV6RPHRIWKHVHVUHVHDUFKHVDUHGHVFULEHG
hereunder : 
,Q WKH \HDU  %RUD DQG KLV FROOHDJXH SHUIRUPHG VRPH UHVHDUFKHV RQ WKH ZDOO FRQQHFWLRQV WR
foundation in precast wall structures. Thin walls arH XVXDOO\ GLVFUHWHG LQ WKH FRQQHFWHG  SODFH WR
IRXQGDWLRQ EXW LQ WKH SUHVHQWHGPHWKRG WKH XSOLIW IRUFH LQFUHDVH LV SUHYHQWHG LQ WKH FRQQHFWHG SODFH
causing the thin walls or hollow-core used as the shear wall to stand the seismic force. Main criteria to 
SUHYHQW EULWWOH IUDFWXUH LQ WKLVZD\  WKHGXFWLOLW\DQGHIILFLHQF\RIZDVWLQJPRUHHQHUJ\RIFRQQHFWLRQ
%RUDHWDO
,QWKH\HDU+DVKHPLVWXGLHGWKHPDGHVWUXFWXUHVEHKDYLRUFRHIILFLHQWZLWK precast concrete large 
SDQHOVDQGFRQVLGHUHGWKHHIIHFWVRIFRQFUHWHUHVLVWDQFHFKDQJHRIQXPEHURIED\VDQGVWRUH\VDVZHOO
DVWKHHIIHFWVRIODWHUDOORDGLQJRQEHKDYLRUFRHIILcient. The results showed that the concrete resistance 
KDVOLWWOHHIIHFWRQEHKDYLRUFRHIILFLHQW2QWKHZKROHE\LQFUHDVLQJWKHQXPEHURIED\VDQGVWRUH\VWKH
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ductility will be decreased and consequently the force decrease coefficient(Rμ) will be decreased, but by 
increasing the extra resistance coefficient (RS) the behavior coefficient will be increased (Hashemi 2008). 
In the year 2009 Aaleti and Stiharan made some researches on precast walls behavior. In this research 
they used from some pinned connection for between wall connections, and consequently by using from a 
simple analysis method, the wall behavior against the lateral load, depth of neutral axis and changing the 
form of pinned connections obtained in the form of function of roof drift (Aaleti and Sritharan 2009). 
2. SEISMIC DESIGN BASEMENTS 
Nowadays, the most important part of seismic design of structures is carried out based on equivalent 
static method and calculation of seismic forces from linear spectrum of an earthquake. 
Knowledge of initial period and damping values are insufficient to define the seismic force intensity 
for a system exhibiting inelastic behaviour. To obtain the base-shear force, a standard approach is in use, 
based on the definition of a force reduction factor. Force reduction factor of MDOF consist of three parts: 
YRRR S uu P  
(1) 
Where Rμ is the ductility factor that is the same as SDOF systems, RS is the over-strength factor that 
defined as the ratio of the actual to the design lateral strength, and Y  is the allowable stress factor that ˢ
be used to reduce base shear force at the point that the first plastic hinge accures, to the design force. 
Pushover diagram can be obtained by using static push over analysis for special structures. This diagram 
shows base shear force against increasing of roof displacement (Unag 1991). Figure 1 shows a sample 
pushover diagram.  
In fact, because of ductility and inelastic behaviour of structures, elastic force Ve can be reduced to Vy. 
So, ductility factor is defined as: 
y
e
V
V
R  P  (2) 
The ductility factor represents the minimum reduction coefficient corresponding to a specific level of 
ductility. The relationship between displacement ductility and ductility-dependent reduction factor has 
been the subject of considerable research. In this research, the equation that proposed by Miranda and 
Bertero for rock site have been used (Miranda et al. 1994). 
 
Figure 1:  pushover diagram (Hashemi 2008). 
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The equation for reduction factor introduced by Miranda and Bertero was obtained considering 124 
ground motions recorded on a wide range of soil conditions. The soil conditions were classified as rock, 
alluvium and very soft sites characterized by low shear wave velocity. A 5% of critical damping was 
assumed. It is given as:                                         
111 t 
I
P
PR  (3) 
y'
' maxP  (4)  
Where I depends on P and T, assumes different formulations for rock, alluvium and soft sites. For 
rock site it is as shown below: 
21 11 exp 1.5(ln( ) 0.6)
10 2
T
T T T
I
P
ª º    ¬ ¼
 (5) 
Previous research on the performance of buildings during severe earthquakes indicated that structural 
over strength plays a very important role in protecting buildings from collapse. The over strength factor 
( sR ) may be defined as the ratio of the actual to the design lateral strength: 
S
y
S V
V
R   (6) 
Quantification of the actual over strength can be employed to reduce the forces used in the design, 
hence leading to more economical structures (Tasnimi and Massumi 1999). These include: the difference 
between the actual and the design material strength, load factors and multiple load cases. 
For allowable stress design method, design codes reduce Vs to design force Vw . This reduction is 
considered with the allowable stress factor (Y) as following: 
S
w
V
Y
V
  (7) 
In the case of allowable stress designing of steel and concrete structures, the Y factor value could be in 
the range 1.4 - 1.5, but for ultimate design method the value of 1.0 is considered (Tasnimi and Massumi 
1999). 
3. VARIOUS HORIZONTAL AND VERTICAL JOINTS USED 
Figure 2 shows the joints which were used. Figure (2 - a) shows RS horizontal joint presented by 
Soudki et al. (Soudki et al. 1995). figure (2 - b) showes the vertical joint which has been suggested by 
Chakrabarti et al. was used (Chakrabarti et al. 1988).  
The behavior of these joints has been shown in the Table 1.  
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a- horizontal connection                        b-  vertical connection      
Figure 2: Vertical and horizontal connections (Soudki et al. 1995; Chakrabarti et al. 1988 ). 
Table 1:  Parametric values of force-deformation curves for two types of  connections (Soudki et al. 1995; Chakrabarti et al. 1988 ). 
VerticalRS  
750000 130460 E(kg/cm^2) 
1 4.91 A(cm^2) 
0.38 0.24 KH/K0 
4500 22420 Fy(kg) 
19950 28540 Fu(kg) 
0.1 0.6 FR/Fu 
0.06 0.075 Du 
0.07 0.12 DL 
0.1 0.17 DR 
0.2 0.18 DX 
E= Youngs modulus, A=Bar area 
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FU
FY
FR
DU DL DR DX
K0
KH
F
D  
Figure 3: Basic axial force(F) - axial strain(D) Relationship (Hashemi 2008). 
4. STUDIED MODELS 
The studied models in this research consist of 1 and 3- bay frames in 4 and 8 stories. In the 3- bay 
frames, the shear wall is once in the middle bay and the other time in the two side - bays. In this study, it 
is assumed that investigated structures have no torque and out of plane buckling, so they were modeled as 
2D. Each bay is 6 meters with a height of 3.2 meters for each story. The obtained results from structures 
analysis, the values of various parameters of behavior factor were obtained.   
Table 2 is the results relating to one and three bays frames and with height of 4 storeys which the 
behavior coefficient has been compared in two uniform and triangular loading status. 
Table 3 is the results of non-linear analysis of one and three bays frames with 8 storeys. It is worth 
mentioning these behavior coefficients have been presented for designing with ultimate strength method. 
Table 2: obtained Parameters from non-linear static analysis of 4-storey frame. 
Uniform  loading 
PRRR S u SR  PR  P  max'  y'  Te Number of shear wall 
Number 
of bays 
7.04 2.2 3.2 6.4 17.92 2.75 0.19 1 1 
8.42 2.6 3.24 6.09 19.33 3.17 0.2 1 3 
4.75 1.65 2.88 7.17 12.03 1.64 0.155 2 3 
Triangular  loading 
 
PRRR S u SR  PR  P  max'  y'  Te Number of shear wall 
Number 
of bays 
7.38 2.3 3.21 6.38 17.92 2.8 0.192 1 1 
7.89 2.53 3.12 5.83 18.3 3.14 0.2 1 3 
5.22 1.78 2.93 6.56 12.03 1.74 0.155 2 3 
Note: Te in terms of second and ¨ in terms of millimetre 
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Table 3: obtained Parameters from non-linear static analysis of 8-storey frame. 
 
Uniform  loading 
PRRR S u SR  PR  P  max'  y'  Te
Number 
of shear 
wall 
Number 
of bays 
9.92 2.39 4.15 8.82 167.2 18.97 0.535 1 1 
10.7 3.95 2.71 3.12 128.3 40.96 0.464 1 3 
9.86 2.4 4.11 5.63 107.5 19.1 0.405 2 3 
Triangular  loading 
PRRR S u SR  PR  P  max'  y'  Te
Number 
of shear 
wall 
Number 
of bays 
8.39 2.14 3.92 9.5 84.61 8.13 0.536 1 1 
10.24 3.46 2.96 3.51 125.44 35.33 0.45 1 3 
7.91 1.86 4.25 6.79 102.4 15.1 0.381 2 3 
 
Note: Te in terms of second and ¨ in terms of millimeter.
5. CONCLUSION  
In most codes, the behavior coefficient has been presented on the basis of structural system in the form 
of a fixed number, While this coefficient depends on different factors including ductility of structure, 
period, number of bays and structure height. In these codes, on the basis of one kind of structural system, 
a unique behavior coefficient  has been presented for all period limits. It is impossible to provide a 
distinguished level of safety coefficient for all structures.  
Having regard to the presented behavior coefficients in this paper, by increasing the number of  bays 
and storeys, the behavior coefficient will be increased. The change of loading will have a few effect on 
the behavior coefficient. Increasing the number of bays with shear walls causses the decrease of behavior 
coefficient. 
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